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PRODUCTION 
A considerable number of the investigations on ento- 
mophagous flymen o p ter a have been concerned with such broad 
problems as the biological relations of these insects to 
their hosts and prey as well as numerous physical factors 
which influence parasite and host synecology. Chemical 
Investigations in the field of biological control have been 
concerned with such problems as nutrition in relation to 
development of parasites, biochemical control of diapause 
and the role of olfactory stimuli in host selection (Doutt, 
1959). 
The possibility of utilizing selected chemical compounds 
which might act as hormoligants and perhaps beneficially 
influence the efficiency oi parasitic Hymenoptera has not 
been explored to the author's knowledge. The basis for such 
a possibility has arisen from the work conducted on the 
s i lkwo rm, iombyx morl L., by Mur thy and his associates at 
the Indian Institute of Science (See Review). In brief, 
these workers found that when selected dosages of the anti¬ 
biotic chloramphenicol were incorporated into the feed of the 
silkworm, a general enhancement of silkworm metabolism 
occurred. Such an artificially induced hormesis has never 
/ i 
been attempted in the case of an entomophagous insect. 
With this view in mind, the effects of chloramphenicol 
2 
on some aspects of the metabolism of an adult, female, 
entomophagous insect, Kncarsla formosa Gahan, a pa asitoid 
of the greenhouse whltefly, Trlaleurodes vaporarlbrum 
(estwood), were studied to explore the possibility of 
utilizing selected chemical compounds to bring aoout 
beneficial changes in the metabolism of this parasite. 
Such beneficial changes, in turn, might result in an 
increase in the efficiency of the ar&site, which serves as 
an agent in the biological control of the greenhouse whitefly. 
Specific areas of investigation with regard to the 
effects of chloramphenicol on Sncarsia metabolism were 
longevity, oxygen uptake oy ambient Encarsla, total nitrogen 
levels, uric acid production and fecundity. 
Since the greatest portion of the parasite’s adult life 
Is concerned with host Hading, host selection and erg 
laying, it was reasoned that in order to have a more 
complete knowledge of the parasite*s biology, studies of the 
parasite’s oviposition oehavior were desirable. These studies 
were cond cted prior to the studies relating to the effects 
of chloramphenicol administration on the parasite. 3y 
employing this approach, findings from the behavioral 
studies would not only add to existing knowledge of this 
host-parasite relationship, but might also be of value (e.g., 
manipulation of the parasite, interpretation of data) in 
the studies relating to the in vivo effects of chloramphenicol 
on the parasite. 
3 
HKV1KW OF THb LITERATURE 
The Host 
The life his tory, host plants and habits of the host 
insect have received adequate treatment by several workers, 
iritton (1902), Morrill (1905) and Hargreaves (1915) nave 
contributed substantially to the literature regarding the 
biology of this insect, whereas Veber (1931) has riven the 
most complete ecological account of the host insect, T. 
vaporarioruia. 
The 'Parasite 
Incarsia Is holometabolous; the adults are free-living, 
out the immature stages are endoparasitic in the larvae 
(four ins tars) and pupae of the host (Plate 1, Figures 1-6). 
i.ho parasite reproduces thelytolcous ly and males are rare 
(Mil Hr on, 1940). Speyer (1927) in a study of some aspects 
of the parasite rs ovipositlon behavior found that the female, 
alter having selected a host scale for purposes of parasitize 
tlon, n climbsupon it and thrusts her ovipositor into the 
dorsal surface of the scale, while maintaining an almost 
vertical position. Although it was difficult to Induce the 
parasite to oviposit in scales upon detached leaves, it was 
found that the exact spot at which the ovipositor pierces 
the host1 s body is slightly anterior to and to the left or 
right oi the operculum. Speyer also reported that in no case 
4 
did he observe the occurrence of more than one parasite egg 
in a scale. Jurnett (1958a), however, reported super arasittsm 
in the case of Encarsla; the mag nitude of superparasitlsm was 
found to increase as the host density decreased. Also 
included in Speyer1 s paper are brief descriptions of each 
stage, of the parasite’s life cycle, with accompanying plates* 
McLeod (1938) has given an account of the effects of 
certain environmental factors, including temperature, on 
.the control of the whitefly oy the parasite. illiron (1S40) 
attempted to ascertain the relative value of the parasite as 
a factor in the control of the greenhouse whitefly* Physical 
factors which influenced the efficiency of l nears la were 
temperature (which was considered to be the most important), 
humidity and light. Other factors of zhe environment which 
were found to influence the parasite’s efficiency were 
pubescence of the host plant and secretions of the host 
plant and whitefly larvae, which serve as a food source for 
adult nearsia. 
The most illuminating work regarding the gynecology of 
this host-parasite complex has com© from iurnett (1948, 
1949, 1958a,b,c). These works dealt with such factors as 
modal temperatures of the host and parasite, distribution 
of hosts and the effect of area of search on the parasite’s 
reproduction. 
The Antibiotic 
A wealth of literature regarding chloramphenicol 
(Chloromycetin) exists today. Sector (1957) has summarized 
a great portion of this literature and was considered as the 
Plate 1. 
«* 
selected stages In the life cycle of Encarsla 
f ortaosa Gahan 
Figure 1. Fourth instar whitefly larva showing 
eg£ of hncarsia (center) in situ* 3OX 
Figure £. Fgg dissected from, host larva. 40X 
5 
Figure 2*. 
Plate 1 (cont’d) 
figure 3. ,gg, after cleavage nuclei have formed 
a definite layer at the periphery. Note 
fat globules of the yolk throughout 
inner regions of the protoplasm* 197X 
Figure 4. First instar larva emerging from egg 
(upper left). Parasite dissected from 
larval host (bottom). 2 OX 
6 
Figure 4#. 
. 
Plate 1 (cont Td) 
Figure 5. hi pa, in. situ. Internal contents of 
host have been completely consumed at 
this stage of the parasite^ 
development. Dark area in parasitefs 
a3domen is the remainder of fat body, 
tote cast larval skins of the parasite 
(3 or 4) posteriorly. SOX 
Figure 6. Adult female. Note ovipositor and 
sheath. 9.8X 
? 
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primary source for obtaining information and reference 
material regarding the chemistry, mode of action and uses of 
chloramphenicol. 
This portion of the review regarding chloramphenicol is 
restricted td its effects on microorganisms and insects. 
The inclusion of the former was considered necessary in order 
to establish a background of reference since practically all 
of the information on the effects of this drug has come 
from studies on bacterial systems. 
Administration of chloramphenicol to susce )tible 
microorganisms g ives rise to a pronounced bacteriostasis; 
however, the exact mechanism of this bacteriostasis is not 
clear (Hussar and Holley, 1954). Gale and Polkes (1955) 
presented evidence to indicate that inhibition of protein 
synthesis is the most likely explanation for the principal 
mechanism of the antibiotic action of chloramphenicol. In 
a study of the action of antibiotics on nucleic acid and 
protein' synthesis by washed suspensions of Staphylococcus 
■ 
aureus, these workers found that oacteri ostatic levels of 
chloramphenicol (1-10 meg./ml.) inhibited protein synthesis 
xig to ninety per cent. Concentrations of 1000 meg./ml* 
showed little or no inhibition of nucleic acid synthesis, 
free glutamic acid accumulation or glucose fermentation in 
the case of S. aureus. 
i r -nrr ; ; V ' J . 
Hahn et ad, (1955) agreed that inhibition of protein 
synthesis is the most likely explanation for the principal 
mechanism of action of chloramphenicol. They suggested that 
toe antibiotic's action on protein synthesis appears to be 
highly specific because no other synthetic process tested 
9 
seemed to be affected to the same degree, e.y., nucleic acid 
synthesis, polysaccharide synthesis, or 1) (-) glutamyl 
polypeptide synthesis. They suggested, through indirect 
evidence obtained from the orks of Hahn et al. (195-) and 
•Msseman et al, (1954), that the drug lay exert this effect 
) • 
on protein synthesis by a specific Interference rith some 
phases of the final assemblage of buildin. blocks into the 
finished proteins. 
Gale and Folkes (1953) have postulated that if protein 
and nucleic acid syntheses pass through a common stage, then 
this must be followed by a splitting away of the protein or 
Its immediate precursor from the hucleoproteln complex; it 
may oe that chloramphenicol acts at this point. 
■ i . ■ 
The possibility also exists that an action on an 
essential contributory process might lead to an inhibition 
of protein synthesis as a secondary phenomenon. Since 
protein synthesis is an endergonic reaction, interference 
by the antibiotic with energy metabolism could give rise to 
a decrease in protein synthesis. This possibility seems 
quite plausible in light of the fact that the chloramphenicol 
molecule contains a para- nitrophenyl moiety which could 
resemble the action of 2, 4-dinitrophenol in uncoupling 
oxidative phosphorylation. However, Loomis (1950) found 
that chloramphenicol failed to act on the phosphorylation 
system in mitochondria derived from cells of animals which 
were not generally considered as susceptible to the action 
of the antibiotic. In support of these findings, Hahn et aO. 
< * . . 
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(1956) stated that the inhibition of protein synthesis by 
chloramphenicol is not due to a lack of synthesis or 
utilization of the compound adenosine triphosphate (ATP), 
because the drug failed to influence energy metabolism in 
systems of bacterial bioluminescence, phosphorylation and 
j 
motility. 
orking with such metabolites as glycine, phenylalanine 
and tryptophane, Hopps et al. (1956) found that these compounds 
failed to reverse the antibiotic action of chloramphenicol. 
On time other hand, Woolley (1950) has shown that chloramphenicol, 
which Is a naturally occurring analogue of phenylalanine, 
may owe its anti bacterial properties to its interference with 
the action pf this metabolite. Nevertheless, some uncertainty 
arises from the fact that the antagonism which can be 
demonstrated is nmi — competitIve. A further uncertainty 
appears in the case of Lscb.erichie coli in that not only 
phenylalanine, but also tyrosine and tryptophane, exhibit 
such structural resemblances as well as biological inter¬ 
action with the drug. Woolley suggests that the latter 
effect may be ascribed to the participation of these amino 
acids in phenylalanine metabolism, because in such organisms 
a3 Lactobacillus casei, which are known to lack the ability 
to produce tyrosine, tryptophane and phenylalanine, only 
phenylalanine showed an interference with the action of 
chloramphenicol. Thus the ma^or uncertainty in Woolley’s 
interpretation resides in a lacc of competitive antagonism. 
Ser gratann and Slcher (1952) stated that Truhaut and his 
co-worters found that in Eberthe 11a typhi, chloramphenicol 
11 A 
interferes with the early stages of tryptophane synthesis, 
which Is as follows: 
anthranilic acid __^ indole 
indole 4* serine_^ tryptophane 
They also, found that the inhibition caused In E. coli (wild 
type) could be folly rev rsed by indole, dl-tryptophane and 
less easily by dl-phenylalanlne end 1-tyrosine. The 
Inhibition was not reversed >y anthranilic acid. 
\ 
V-isseman <et al. (1954) found that suppression of the 
14 incorporation of glycine 1-C into cellular proteins went 
hand In hand with an Inhibition of growth which was determined 
by turbidity measurements in chloramphenicol-containing 
14 
cultures, however, some glycine 1-C was found in the 
proteins of the inhibited culture. This phenomenon was 
ascribed to a time lag which followed, the addition of the 
labeled amino acid and preceded the time at which the 
antibiotic exerted Its full effect. 
In intact as well as crushed cells of Pseudomonas 
floors scans, oxidation of such organic acids as succinate, 
fumarate, malate and alpha-ketoglutarshe was strongly 
inhibited oy chloramphenicol (Kushner, 1955), but their 
corresponding dehydrogenases were not inhibited. Concentra¬ 
tions of 30-50 meg./ml. were sufficient to produce maximal 
inhibition of oxygen consumption. Oxidation of oxaloacetic 
< • 
acid, pyruvic acid, lactic acid, aspartic acid and citric 
acid was not inhibited. 
Kushner aIs > found that he was aoie to "train" by 
% 
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subculture, in increasing concentrations of chloramphenicol, 
a strain of' P. f lu ore seen s which was able to grow in the 
presence of 500 meg. of chloramphenicol per ml* No destruc¬ 
tion of chloramphenicol was observed under the experimental 
conditions employed. Smith and ! orrel (1953), however, 
reported that several s e cles of bacteria which are sensitive 
to the antibiotic are able to reduce the nltro group of 
chloramphenicol to the corresponding arylamlne which is devoid 
of anti nicrobial activity. 
Studies concerning the effects of chloramphenicol as 
well as other antibiotics on insects have in many cases 
produced highly variable results. Musgrave and Miller (1951) 
administered a high concent ration (3600 mg./kg. grain).of 
terramycin to the granary weevil, Sitophllus granarlus (L. ), 
and the rice weevil, Sitophllus oryza (L*). After seventy- 
two hours, the population increase in the case of the rice 
weevil was approximately fifteen times reater in the 
controls than in individuals receiving terramycin-treated 
grain. In S. granarlus, the population increase in the 
controls was only about two times greater than in the 
terramyein-treated individuals. Both species, when fed 
terramycin-treated grain, showed greater mortalities than 
the untreated controls. It was suggested that S. oryzea was 
metabolically disturbed to a markedly greater extent than 
—• Ihese authors suggested that this effect may 
have been due to an inhibition of vitally important 
symbionts in S. oryzea. Data to substantiate this claim 
13 
were not presented. 
I 
Steinhaus and Jell (1955), with the view in mind that 
antibiotics may serve as insecticides as well as inhibitors 
of reproduction, studied the effect of seven common anti¬ 
biotics on four species of grain beetles. High dosages 
(0.3 and 0.5 gms./l4 gras, of grain) showed pronounced 
toxicity to the test insects. Aureomycin, chloramphenicol, 
penicillin G, polymixin 3, bacitracin, streptomycin, and 
terranycin killed 100 per cent of the granary and rice 
weevils within 30-60 days. Similar results were obtained in 
the case of Trio a Hum confusum Duv., but the lesser grain 
oarer, Rhigopertha dominica (Fabr.), displayed considerable 
variation in its response to the individual antibiotics, 
it was extremely susceptible to streptomycin, but actually 
showed a slight increase in population when fed chloramphenicol 
treated grain. 
Liles and Fisk (1955) studied the toxic effect of 
several common antibiotics injected into male and female 
German roaches, Blattella germanica (L.). The results 
showed LDcjQis which were highly variable, depending upon 
the antibiotic injected. Considerable differences were 
observed in response to a given antibiotic with regard to 
sex. Female roaches were consistently less sensitive to the 
toxic effect of the antibiotics than were males. LD50,S 
ranged from 11 meg./male roach and 23 meg./f bnjale roach 
when polyraixln was injected, to 350 meg./male roach and 
400-500 meg./female roach in the case of the 'Odium salt 
% 
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of penicillin 0. Since some evidence is available that 
antibiotics may kill microorganisms by interrupting 
enzymatically controlled metabolic reactions, these workers 
suggested that large dosages of antibiotics may elicit the 
same effects on the Gentian roach, 
Brues and Dunn (1945) found that dosages of 800 and 
1000 units of penicillin over a period of 4-28 days had no 
effect on the numbers, morphology or staining properties of 
the intracellular oacteroids of the Florida r >ach, 31aoerus 
cranifer Burmeister. A cumulative dosage of 1600 units of 
. , 
penicillin resulted in the complete absence of intracellular 
bacteroids after 24 hours, ?uien a total dosage of 3200 units 
was administered, one of the three test roaches died shortly 
thereafter. Their findings should be viewed with caution, 
since no controls were employed and the numbers of experimental 
insects used were insufficient. 
Katznelson e_fc al. (1952) administered chloramp enicol 
at concentrations of 0.6 gins ./gallon of syrup to honeybees 
to determine whether certain antibiotics were of potential 
value in combatting European foulbrood which was artificially 
and naturally induced. Chloramphenicol did not appear to be 
of any value in the prevention at European foulbrood in 
honeybees. In fact, the drug appeared to increase the 
X 
severity of the disease. Vfnen cloramphenicol in 1 per cent 
solution was sprayed on combs, those treated with 
chloramphenicol contained infected larvae, whereas combs 
sprayed with streptomycin, aureomycin and te -rainye In showe 
15 
no Incidence of disease. 
Much of the literature concerning the effects of 
chloramphenicol on insects has come from the work conducted 
on the silkworm, liombyx mori (L.) at the Fermentation 
Technology Laboratory of the Indian Institute of Science 
in Bangalore. 
1 any metabolic processes were stimulated in jomoyx 
fourth and fifth larval instars when they fed on mulberry 
leaves In which chloramphenicol had been Incorporated at a 
concentration of 50 mg./kg, of body weight (Murthy ejb ajL•, 
1954), Egg production was enhanced by approximately 118 
per cent in Japanese pur©-bred strains reared individually, 
and approximately 58 per cent in Individuals reared en 
E£.sse..* -JT-Sog.® x £• nlchi silkworms reared separately showed 
a 38 per cent Increase In egg production over corresponding 
controls, whereas individuals reared en masse showed a 31 do? 
cent increase in fecundity over corresponding controls. 
*et as wel1 as moisture-free weights of eggs showed an 
average increase of about 6 per cent immediately after 
laying In larvae administered chloramphenicol. Cocoon 
weight on a chloramphenicol-supplemented diet was found to 
be increased by about 15-20 par cent. However, the yield 
of silk remained almost the same in all cases. 
In an earlier paper, Murthy and Sreenivasaya (1953) 
reported that when chloramphenicol (50 mg./kg. of body weight) 
was administered alone to silkworm larvae, there was a 9-10 
per cent increase in both mature larval body weight and 
16 
moisture-free pupal weight of treated individuals. The outpit 
of silk did not increase; on the contrary, there was a 
decrease in silk production of 5-8 per cent. 
When an amino acid mixture corresponding to casein 
was administered alone, body weight increased about 15 per 
cent while pupal weight increased about 8.5 per cent. A 
2.5 per cent increase in silk output w< s also observed, 
ihen chloramphenicol was administered with the above amino 
acid mixture, the maximum increase in average larval weight 
m * f 
i! 
attained with the antibiotic alone was maintained, ’'hen 
chloramphenicol was administered with an amino acid mixture 
corresponding to the composition of silk, the average weight 
of mature larvae increased slightly ov-r the average, mature, 
larval weight attained when chloramphenicol w&3 administered 
alone. Also, there was a marked decrease in average pupal 
weight as compared to average pupal weights attained when 
chloramphenicol was fed alone. V hen both types of amino 
acid mixtures were supplemented with chloramphenicol, silk 
output was increased 8-14 per cent, whereas in the absence 
of chloramphenicol supplemented sources of nitrogen did not 
appear to be utilized for silk production. 
Shyamala et al. (1960) studied the influence of 
chloramphenicol (200 meg./ml.) on larval digestion and 
utilization of proteins, fats and minerals In fifth instar 
silkworms. They reported that digestibility of dry matter 
and fat was significantly reduced in chloramphenicol-treated 
worms, but there was a significant increase in the percentage 
17 
utilization of nitrogen (7 per cent), mineral constituents 
(28 per cent) and crude fat (20 per cent). 
Analysis of the percentage composition of larval 
tissues also revealed an increased deposition of minerals 
in chloramphenicol-treated larvae, although nitrogen and 
fat were not found to he affected in the same manner. 
Larval nitrogen, estimated by the Kjeldahl method, showed 
no significant increase in treated worms. Data on silk 
yields revealed that 54.16 per cent of the larval nitrogen 
was utilized in the production of silk in treated worms, 
whereas in the controls, 57.32 per cent conversion of 
larval nitrogen to silk was observed. The authors maintained 
triat this snail but significant difference supports the 
earlier claim made by Murthy Ot al. (1954) that preference 
is shown toward the building up of tissue material rather 
than toward an increased formation of silk. 
Evidently chloramphenicol does not manifest its 
supposedly favorable effect through intestinal microflora 
alone, since these workers found a general reduction in the 
intestinal microflora when silkworms ware administered 
enloramphenicol. Quantitative data regarding this reduction 
were not presented. 
When chloramphenicol at rates of 12.5, 25 and 50 
mg,/kg. of body weight was supplemented with 2 mg. of 
glycine, no beneficial effect was conferred on larval 
growth of silkworms (Sharada and 3hat, 1956). v hen 
chloramphenicol was administered alone to fourth instar 
18 
larvae In dosages of 20, 30, 40, t>u, 60 and VO mg./lOO ml. 
water, no beneficial effects were observed on growth or 
3ilk production* When fifth instar larvae were utilized. 
However, supplementation of the above dosages of the drug 
with 2 mg. of glycine promoted an increase in pupal, cocoon 
and dry as well as wet shell weights. Larvae, however, did 
not exhibit any appreciable increase in growth, nor was 
there any significant increase in silk yield. 
Chloramphenicol increased in vitro transaminase activity 
of silkworm hemolymph and intestinal homogenates by 35 and 
3V per cent respectively. Silk gland homogenates showed 
only an 8 per cent Increase in transaminase activity 
(Shyamaia and Shat, 1955). Nitrogen levels in intestinal 
as well as silk gland homogenates increased, but nitrogen 
levels for hemolymph decreased. Interpreting their results, 
the authors stated that Whether transaminase activity has 
a direct bearing on protein synthesis in silk worm (sic) or 
not, the preferential increase of the enzyme transaminase in 
such an important medium as hemolymph shows that it probably 
has a significant function in the organism, especially in 
view of the higher growth rates, silk and egg production 
induced by the antibiotic under study.” 
When equimolar concentrations of chloramphenicol 
(32.3 mg./lOO ml.) and some of its degredation products, 
para-nitrobenzaIdehyde (15.1 mg./!00 ml.), para-aminobenzoic 
acid (13.7 mg./lOO ml.) and ethanol&mine (6.11 mg./lOO ml.), 
were administered in aqueous solution to fifth instar silk- 
19 
worm larvae, chloramphenicol and para-nltrobenzaldehvde 
elicited a small increase in growth; however, this increase 
was not highly significant. Para-aminobenzoic acid, and 
ethanolamine elicited a small decrease in growth (Shyamala 
and Bhat, 1959). 
In the same studies, pyridoxine content of the larvae 
was found to increase 21-2Y per cent. Such an increase in 
pyridoxine would appear to be a plausible explanation for 
the ennancement of in vitro transaminase activity reported 
by the same authors in an earlier paper (Shyamala and Shat, 
l-o . ), since pyridoxal phosphate is a known coenzyme for 
the transaminating enzyme. 
fhese findings support the hypothesis that chloramphenicol 
could be acting not only through its effect on silkworm 
microflora, but also by other mechanisms in light of the 
fact that chloramphenicol gives rise to £ara-nltrobenzaMehyde, 
whloh 11413 no antibiotic properties itself but is still 
growth-stimulating. 
Also, an increase in pyridoxine fortifies the view that 
chloramphenicol provides a direct enhancement of silkworm 
nitrogen metabolism. 
METHODS AND PROCEDURES 
Ovlposition behavior 
The following technique was employed to observe the 
oviposition behavior of adult Bncarsla. A detached tomato 
leaflet which contained approximately forty larval hosts 
on its lower epidermis was placed on the stage ol a 
dissecting microscope# The hosts were all fourth instar 
larvae which had never been exposed to ^.ncarsla# A single 
adult Encarsia, selected at random from stocK: cultures, 
was gently deposited onto the leaflet and allowed free 
access to all the hosts on it. The parasite’s oviposition 
behavior was then observed from a dorsal aspect with the 
aid of low-power magnification# Twenty-five replicate 
observations were performed in tni3 manner, utilizing one 
Bncarsia per each observation# Each observation period 
lasted approximately thirty minutes. 
In order to observe the parasite’s oviposition 
behavior from a lateral aspect, a leaflet, containing 
hosts as outlined above, was cut at right angles to its 
long axis. The incision, however, did not reach the edges 
of the leaflet and thus it was possible to bend the leaflet. 
The leaflet, at the point of incision, was placed over a 
rubber band which was stretched over the mouth of a flnper 
bowl. The leaflet was thus situated in such a manner that the 
I 21 
proximal and distal portions of the leaflet hung down into 
the finger bowl, A single parasite was placed onto the leaf- 
lot and its behavior observed from a lateral aspect with 
the aid of low-power magnification. Twenty-five replicate 
observations were utilized for a lateral view of the 
paras1te’ s oviposltion behavior. 
redatory Studies 
While observing the parasite^ oviposition behavior, 
it was noted that in several instances adult parasites 
would commence to feed on their hostfs body fluids at the 
s.ute of the puncture wound made by the ovipositor. This 
suspected predation consisted of sucking-up host bodv 
fluids, The host exoskeleton was not appreciably consumed 
except for perhaps small portions of the exoskeleton at the 
feeding site, 
in order t0 confirm the suspicion that adult, female 
—^sl-fe were Predatory on larvae of the greenhouse whitefly, 
a series of tests were designed v/hereby a cause and effect 
relationship could be determined. These tests were also 
designed to determine if any particular instar, of the fou 
larval instars present, was preferred for purposes of 
predation, 
V. 
t jr each test, a petri dish was lined with a 3/8 inch 
layer of absorbent cotton which was saturated with water. 
Three pieces of 9 cm. filter paper were placed on top of the 
cotton lining and pressed down against the cotton so that 
they became saturated with water, but the topmost piece of 
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filter paper did not contain an excess of water which would 
make it difficult for female parasites to walk on its 
surface. One square centimeter pieces of tomato leaflet, 
each containing six individuals of the same host larval 
instar and never exposed to Encsrsia, were placed on the 
filter paper with the lower epidermis up, thus exposing the 
hosts. The arrangement of the scuares in the petri dish is 
shown helow in Figure 7. 
1 2 
- \ 
3 4 * 
2 3 4 1 
3 4 1 2 
4 1 2 3 
Figure 7. Distribution of hosts for predation studies. 
Humeral in each square designates host instar present. 
Five adult, female parasites selected at random from 
stock cultures were introduced into the petri dish and thus 
allowed access to the hosts. The top of the petri dish was 
closed off by means of a piece of lawn cloth which was 
secured to the dish by a ruober band. In the controls 
the s^me conditions prevailed, exce-t no parasites were 
allowed access to the hosts. The experiment was replicated 
five times. 
j-n a second series of teats, the parasite density was 
increased from five to ten parasites per test. The host 
density, however, remained the same as in the above series 
of tests. 
In all tests, the temperature of the cabinet in which 
tee petri dishes were placed was 2'/f l°c. The relative 
humidity of the cabinet was 60-80 per cent and fourteen 
hours of continuous, diffuse light illuminated the cabinet. 
After twenty-four hours the tests were concluded and the 
results recorded. 
Longevity Studies 
At the outset of the longevity studies it was neeessaiy 
tJ dStermlne rhether f5r> adult Encarsla could remain 
alive and active on a selected synthetic medium which was 
P- ted as the sole source ®f nutriment, if this were 
demonstrable, men it would be relatively easy to incorporate 
selected dosages of chloramphenicol into such a medium and 
thus Provide a method for administering the drug to the 
parasite, 
At the same time, it was desirable to determine what 
errect a wide dosage range of chloramphenicol had on the 
longevity of the parasite. 
These findings would thus not only furnish information 
on longevity but would also aid in the selection of dosages 
°f th° d™S tD * ad^istered In the remainder of these 
studies, 
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In order to compound a synthetic medium which would 
include those nutrients most likely needed by Encarsla, the 
works of Uvarov (1928), Trager (1953), h'lgglesworth (1953), 
Fraenkel (1959), Lipke and 1 raenkel (1956), louse (1959), 
and Gilmour (1961) were consulted, 
1. Composition of 3asal Medium, The basal medium selected 
was essentially that of Vanderzant and Keiser (1956) wi th 
some degree of modification (Table 1). 
2, Preparation of Stock asal Medium* Casein, glycine and 
L-eystine were mixed with approximately one-third of the 
water and enough 2N KOH (3-4 ml.) was added to bring the 
casein into solution. The pH of the solution was adjusted 
to 6.5 by addition of 0.5K HC1. The acid was added dropwise 
to the solution while the solution was vigorously stirred 
by a mechanical stirrer in order to prevent local flocculation 
of the protein• The rest of the ingredients, including 
components of the vitamin mixture, were added in the order 
that they occur in Table 1 and the total weight of the mixture 
brought to 200 gms. with water. The sucrose war added and 
the whole mixture homogenized in a Waring Blender for two 
minutes. Tlie stock basal ■ Tedium was stored in a rubber— 
stoppered brown bottle at -2Q°C. 
z• Incorporation of Chloramphenicol into the Basal Medium. 
The drug was incorporated into the basal medium to give the 
following final concentrations in mg. of chloramphenicol 
per kg. of Tedium* 10,000* 2,500; 5 and 0.005. The controls 
were as follows: medium alone; water alone and no medium or 
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Table 1. Composition of Basal edium 
Administered Encarsia 
''"fni 111 "'n ^ mi 1,11 1 " fJ lf[ 1 u ' n 
Nutrient Grains 
Casein (Vitamin free) 5.00 
#L-Cystine 0.10 
Glycine 0.15 
'SWKJhole sterol 0.15 
Corn Oil (Mazola) 1.00 
(Analysis - Gordon, H.T., 1959) 
Vies son W Salt ixture 0.70 
Sucrose 300.00 
Vitamin Mixture 
Thiamin hydrochloride 
Riboflavin 
Nicotinic acid 
Pyridoxin© hydrochloride 
Calcium pantothenate (Dex.) 
Choline chloride 
Biotin 
Folic acid 
2.50 
1.25 
5.00 
1.25 
2.50 
50.00 
25.00 x 10~f 
250.00 x 10~° 
Via ter - to 200 gms. with all of the above except sucrose. 
^L-cystine and glycine added because casein is deficient 
in these amino acids. 
***13 ml. hot, 5 per cent EtOH were used to dissolve the 
cholesterol. 
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water (starve control)* 'The choramphenicol-supplemonted 
solutions as well as the basal medium were stored In 
approximately 1 ml. aliquots contained in 2 dram shell 
vials at -20°C. and in the dark. Fresh chloramphenicol- 
supplemented solutions were made as the need arose. 
Chloramphenicol-supplemented solutions were discarded if not 
used within four weeks. 
4. Experimental Universe. The above treatments were 
assigned randomly to female parasites of unknown are which 
were selected from stock cultures and contained in Heinz 
(4 oz.) baby food jars. The top3 of these jars, which were 
of the knock-out type, were replaced by pieces of lawn cloth 
and the cloth firmly stretched over the top of the jar by 
screwing the cover onto the jar. 
5. Administration of Treatments. Two-dram shell vials 
containing appropriate treatment were inverted onto the 
center of the lawn cloth; the solution, always in excess if 
( 
present, then formed a hanging drop on the cloth. The drop 
was thus available to the Encarsia. which would move to the 
top of the jar and feed. In the water controls only distilled 
water was contained in the vials; in the starve controls only 
vials were presented. All vials with their contents were 
replaced with vials containing fresh contents of the same 
treatment every twenty-four hours, althou h Ehrlich et al. 
(194V) stated that chloramphenicol was stable at room 
temperature in aqueous solutions, over the pH range 2-9, 
for more than twenty-four hours. The lawn cloth covers were 
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also exchanged for new lawn cloth covers at the same time 
as the solutions, thus ensuring that the insects would not 
feed from a given drop for more than twenty-four hours* 
6. Physical Conditions. The following physical conditions 
prevailed: air temperature, 25 ^ 1°G.* relative humidity, 
60-80 per eentj light, fourteen hours of continuous, diffuse 
light averaging 300 foot candles at the chamber floor* 
Each of the treatments as well as the medium-alone 
control were replicated seven times* An average of twenty- 
one Encarsia participated in each replicate. The water 
control and the starve control were both replicated five 
times. 
Daily counts of mortality were conducted ?/ith a 20 X 
i 
hand lens by observing the number of Encarsia dead through 
the bottom of the jar after it had been rapped on a table 
top, thereby causing all individuals both alive and dead to 
fall to the bottom of the jar. This procedure did net appear 
to injure the insects. Dead Encarsia were not removed from 
the jars since observations have never indicated that dead 
insects were utilized by living Encarsia as a source of food. 
All tests were terminated when either 100 per cent 
mortality occurred or after nine days, when the percentages 
of dead Encarsia were determined. The nine-day time limit 
was chosen with the view that if mortality due to the drug 
was to take place, it should become evident by the ninth day 
after the test began. Stopping the tests at this time, it 
was reasoned, would avoid problems such as death due to old 
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age, cince females normally live for only about twelve days 
under such conditions (Milliron, 11)40). 
Preparation of dncarsla for Oxygon Uptake. Total nitrogen. 
Uric Acid and Fecundity Studies. 
The following procedure was utilized regarding: 
(1.) harvest of adult Ill car si a.: (2.) administration of 
chloramphenicol; (3*) age determination of adult Tncarslr: 
(4.) physical conditions which prevailed prior to submitting 
Smearsia to all subsequent studies reported herein. 
(1.} Harvest of Adult Idler r si a, Ho rm al ly, a pare s i t i z ed 
whitefly scale which appears outwardly to be in the pupal 
stage turns completely black when its Internal contents have 
been devoured by the parasite (Speyer, 1927). This trans¬ 
formation of scale color is excellent macroscopic evidence 
for the presence of a parasite within the scale. 
This phenomenon was taken advantage of in collecting 
scales, each of which would normally yield a single female 
parasite. Periodically the lowest leaflets, which contained 
large numbers of blackened scales on their lower epidermises, 
were detached from all the host tomato plants. A dissecting 
■H 
needle was then employed to loosen the blackened scales from 
each leaflet. The scales were then brushed gently onto a 
piece of paper. Only those blackened scales were loosened 
whloh showed no evidence of parasites having already emerged, 
as evidenced by a lack of circular emergence holes. 
The harvested blackened scales were transferred onto 
the floor of the cap of a twenty-four dram plastic vial which 
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was especially modified for the purpose of presenting 
appropriate medium and/or treatment to the emerged parasite' 
contained within# The cap containing the blackened scales 
was then fitted to the bottom of the vial, the top of which 
was secured by a lawn cloth cover# 
(2# ) Administration of Chloramphenicol. In all subsequent 
studies, the following dosages of chlor mphenicol were 
administered to adult Encarsia (mg. of chlore enicol per kg. 
of medium): 1000; 500; 50 and 0. A two-dram shell vial 
containing an excess of appropriate treatment was Inverted 
onto the center of the lawn cloth cover and the contents 
formed a hanging drop on the cloth. During the following 
twenty-four hours after blackened scales had been introduced 
into the vial, some adult parasites emerged from their host 
scales and moved to the top of the vial where they fed ad 
libitum from the hanging drop. After the initial twenty-four 
hour emergence period, the cap containing the blackened scales 
was removed from the vial and another cap which was devoid 
of any blackened scales v?as fitted to the vial. 
The cap which contained the parasitized scales, many of 
which still contained parasites in various stages of develop¬ 
ment, was then freed of any adult parasites which did not 
move up Into the vial during the initial twenty-four 
emergence period. Scales from which parasites had emerged 
were not removed from the cap since adult Encarsia do not 
feed on such scales. 
A cap containing blackened scales was fitted to a new 
50 
vial similar to the previous vial used; medium with the 
appropriate concentration of chloramphenicol or medium alone 
was added in the same manner and the whole process repeated 
every twenty-four hours until the nmjority of the parasites 
• t 
had ©merged, at which time new blackened scales were collected 
from host plants in the manner previously described, 
(5,) Age Determination of Adult Kncarsia, After the initial 
twenty-four hour emergence period, those Encarsla which had 
emerged during that period were allowed to feed ad libitum 
for an additional seventy-two hours. All vials with their 
contents were replaced every twenty-four hours with vials 
containing fresh contents consisting of the same treatment. 
New lawn cloth covers were fitted to the vials at the same 
time for the reasons outlined in the longevity studies above. 
After the seventy-two hour feeding period all feeding 
was stopped, the parasites collected and appropriate analyses, 
to be described below, performed. Thus all parasites at 
this point were between seventy-two and ninety-six hours old. 
This entire procedure, with on© exception, was the sole 
method utilized for rearing and treating Encarsla of known 
age range in all subsequent studies. In rearing and treating 
.bn car a la i-rior to the experiments regarding the effect of 
chloramphenicol on the parasiteTs fecundity, the parasites 
were allowed to feed ad fiblturn in the rearing vials for 
only twenty-four hours instead of seventy-two hours after 
the initial twenty-four hour emergence period, whereupon they 
were utilized for fecundity studies. This change was deemed 
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necessary In order to avoid problems of ovisorption by the 
Parasite, since prolonged inhibition of oviposition could 
conceivably lead to egg resorption by Kncarsla (Doutt, 19o9). 
(4#) Physical Conditions. The physical conditions under whic 
Bncarsia were reared and administered treatment were as 
follows: air temperature, 20 - 1°C.; relative humidity, 
60-80 .per cent; light, continuous and diffuse (ca» 50 loot 
cand le s ) ♦ 
Measurement of Oxygen Uptake 
The basis for such studies has been given ample credence 
by the large and rapidly growing literature on the effects 
of various compounds on rates of respiration. eilbrunn 
(1952) has discussed the rationale for such studies. 
The determination of oxygen uptake by Sncarsia was 
accomplished by an all-glass, differential microrsspirometer 
(Figure 8) designed by Grunbaum et. al. (1955), which ras 
capable of measuring changes in gas volumes in the range 
of 0.1-10.0 cu, mm. per hour. The respirometer was designed 
primarily for the measurement of respiration of actively 
growing cells in vitro. However, with some modifications, 
described below, it was found suitable for these studies. 
The principles of differential microrespirometry and 
information regarding the calibration of such respiro^eters 
can be found in the works of Kirk (1950) and Glick (1959). 
Perfection-grade kerosene for index droplets was 
purified for several days over concentrated sulfuric acid. 
The excess acid, which contained resinous impurities, was 
removed by means of a separatory funnel and the kerosene 
neutralized with 5 per cent MaOH. The kerosene was dehydrated 
with anhydrous Na2S04 and then distilled under reduced pressure 
The kerosene fraction boilin between 225 and 275°C, was 
retained* The purified kerosene was stored over NaOH pellets. 
Since trie bore of the capillary (0.5 mm. in diameter) 
mu3t be scrupulously clean, so as not to impair the movement 
of the kerosene droplet, the capillary was soaked overnight 
in a chromic acid-sulfuric acid mixture. The capillary was 
then rinsed several tiies with hot, distilled water and dried 
in an oven. 
As stated above, this respirometer was not designed 
primarily for organisms such as En cars la which are capable 
of walking, hopping and at times flying. A slight modifica¬ 
tion of the vessels was thus necessary in order to prevent 
* 
the parasite from comin; in contact with the filter paper 
which was impregnated with alkali. The compensation vessel 
was modified in the same manner in order to maintain 
approximately equal volumes on both sides of the capillary. 
The modifications were as follows: An inner vessel or 
center well which was 9 mm. long and 5 mm. in diameter was 
constructed from a piece of glass tubing which was closed 
off at one end* and ground flat. The center well was then 
placed in the center of the outer vessel ?/ith its open end 
up and cemented to the floor of the outer vessel (Figure 8). 
A piece of filter paper (4 mm. x 3 rm. ) which contained 
five microliters of 25 per cent KOH was placed in the center 
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well# A small, stainless-steel grid was then placed over 
the top of the center well, thereby insuring gaseous 
exchange between the inner and outer vessels, but at the 
same time preventing the parasites from direct contact with 
the alkali-containing filter paper. 
The modified vessels and the capillary (up to a 
reference point) were calibrated with mercury by conventional 
methods. Calculations regarding the calibration of the 
respirometer are given in Table 1 of the Appendix, 
Conversion of gas volumes to conditions of standard 
temperature and pressure was carried out in the usual 
manner. 
e 
Adult Encarsia between seventy-two and ninety-six hours 
old which had been subjected to appropriate treatment, as 
described above, were anesthetized with CQg gas in the 
feeding vials (fifteen seconds exposure at a prearranged 
gas pressure). The parasites were tapped out of the vials 
onto a piece of glassine paper which was creased down the 
center of its long axis. The parasites were then quickly 
examined under a low-power dissecting microscope and 
approximately forty parasites were selected. Excess as 
well as dead individuals were discarded. The glassine 
paper was then fitted to the reaction vessel, tapped gently 
and the parasites deposited into the vessel. 
The reaction vessel was connected to the capillary by 
means of a ground-glass connection which was lubricated 
sparingly with anhydrous lanolin. At this point, the vessel 
was open to the atmosphere through its side arm. The 
compensation vessel was then connected to the capillary in 
the same manner. Each vessel was rotated arouna its axis 
180°, thus closing the vessel to the atmosphere. The 
vessels we re made secure to the c pillary by means of 
rubber bands which stretched between hooks on the capillary 
posts and each vessel. 
The above unit was slowly lowered into a Sargent water 
bath ana the capillary made horizontal with the aid of a 
line level. The temperature was maintained at 30°C. by a 
Sargent Thermoniter (Model SW) which was capable of main- 
* o 
taining a constant temperature with an accuracy of - 0.01 C. 
The level of the v/ater bath was constantly maintained just 
below the side arms of the vessels. 
After a ten-minute equilibration period, the barometric 
pressure of the room was recorded. The position of the left 
meniscus of the kerosene droplet at 0 tine was then determined 
with the aid of a ten centimeter scale divided into 200 
equal divisions which was attached to the capillary. Readings 
of the displacement of the kerosene droplet were taken at 
fifteen-minute intervals for a period of sixty minutes after 
the initial reading at 0 time. 
Considerable increase in the accuracy of the respirometer 
was accomplished by the use of a low-power microscope con- 
r 
taining an ocular micrometer, each division of which was 
equal to 0.08 mm. on the respirometer scale* 
After each sixty-minute period, the respirometer was 
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removed from the bath and cautiously opened to the atmosphere 
by again rotating the side arms 180°. The reaction vessel 
was removed from the capillary and at the same time a plug 
of cotton containing benzene was forced rapidly into the 
mouth of the reaction vessel, killing all the Encarsla in 
the vessel. Any individuals dead prior to removal of the 
vessel from the capillary were not considered as participating 
in the experiment. The parasites were counted and oxygen 
uptace per insect per hour wa3 calculated. 
Ten replicate determinations of oxygen uptake were 
performed for each treatment administered. 
Determination of Total nitrogen Levels 
The term total nitrogen, as used here, refers to those 
nitrogenous components of Encarsia homogenates which are 
precipitated by trichloroacetic acid as well as the insoluble 
nitrogenous polysaccharide, chitin. 
Parasites which were processed and administered an 
appropriate treatment as described were washed into a small 
funnel fitted with a piece of filter paper. The funnel in 
turn was connected to a vacuum flask equipped with an 
aspirator. The insects were washed with two 10 ml. aliquots 
of 0. IN HaOH to remove any debris as well as medium which 
might have adhered to the insects* bodies. The insects and 
filter paper wore transferred to a petri dish containing 
distilled water. Seventy-live insects per treatment were 
selected and transferred with the aid of a small needle to 
a crucible containing 3-4 ml. of distilled water. The 
contents of the crucible were then emptied Into a Potter- 
Elvehjem tissue homogenizer and the contents of the 
homogenizer tube brought to 9 ml. with water and the viola 
insects disintegrated. 
The homogenates were transferred to 50 ml. polyethylene 
centrifuge tubes which were then immersed In an ice-water 
hath. Four volumes of fresh, cold, 10 per cent trichloroacetic 
acid were added to each of the homogenates and the tubes with 
their contents allowed to stand in the ice-water bath for 
ten minutes* 
The homogenates were centrifuged for ten minutes at 
12* 100 x G and the supernatant decanted ana a is carded* me 
resulting precipitates were each suspended in 5 ml* of 
distilled water and each suspension poured into a 125 ml* 
Kjeldahl flask* Another 5 ml. of distilled water were added 
to the polyethylene centrifuge tubes, and any small portions 
of precipitate remaining were then brought into suspension 
and poured into the same Kjeldaiil flasks, thus insuring 
removal of all the precipitate from the centrifuge tubes* 
The method of Thompson and Morrison (1951) was employed 
to determine organic nitrogen in the I0A-insoluble fraction* 
Glycine (0*002 M) served as standard. Standards of 2S,. 56 
and 84 micro grams of nitrogen per 10 ml. were observed to 
obey Lambert-Beer * s law* 
Fifteen replicate analyses were performed for each 
treatment• 
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Uric Acid Studies 
The uric acid content of Encarsia was estimated by a 
modification of the ultramicro method of Caraway (1955) 
using a Beckman/S pin co Model 150 TJltramicroanalytical 
System, Five replicate determinations of three known 
concentrations of uric acid were utilized for the construc¬ 
tion of a calibration curve. The concentrations of uric 
acid were Q.S pg./20 pi. , 1.6pg./20pl. and 2.4pg./20 ul. 
The absorbances of each of the replicate standard solutions 
were determined and a calibration curve constructed. 
Lamoert-3eer’s Law was obeyed at the concentrations of 
uric acid utilized. 
Since large numbers of Encarsia were necessary for 
each replicate determination of uric acid, individuals which 
were processed and administered appropriate treatment as 
described aoove were stored at -2Q°C. until sufficient 
numbers of Encarsia were present to determine uric acid 
in one replicate analysis • This storage time did not 
exceed seven days from the time of initial harvest of 
individuals comprising one replicate in these studies. 
Four hundred and eighty parasites which had been in 
cold storage for one week or less were disintegrated in 
1.2 ml. of distilled water with the aid of a Potter-Elvehjem 
tissue homogenizer. The pestle was rotated at a constant 
rpm for approximately four minutes. A 20 ul. sample of the 
resulting homogenate was then transferred to a 6 x 50 ram. 
polyethylene test tube. Eighty microliters of 3.2 per cent 
39 
sodium tungstate and 80^1.of 0.2- sulfuric acid respective¬ 
ly were added to the 20 ^tl.sample. The content? were mixed 
thoroughly for one minute with the aid of a micromixer. The 
contents were centrifuged at approximately 13,000 rpm for 
fifteen seconds by means of a microcentrifuge. One hundred 
microliters of the clear supernatant were transferred to a 
clean test tube, 20 jul. of 10 per cent sodium carbonate were 
added to the 100 jili'of supernatant, and the contents mixed 
thoroughly for one minute. Twenty microliters of dilute 
phosphotungstic acid (10 per cent) were then added to the 
caroonate-containing supernatant, the contents mixed for 
one minute, and the solution allowed to stand at room 
temperature for thirty minutes. 
The absorbance of four 20 p.1* samples of unknown per 
homogenate as well as four 20 samples of standard (0.8 
^g. uric acid/20 jil* ) was read in a Beckman/s pine o Model 
151 Spectro-colorimeter at 650 imi against a blank set at 
zero aosorbance. 
Four homogenates per each treatment administered 
Bnearsia were analyzed in the above manner. Average uric 
acid values (^g./20^il.) of each homogenate (analyzed in 
quadruplicate) were then determined for each of the four 
homogenates analyzed per treatment. 
Fecundity Studies 
Each experimental universe in which Encarsia would have 
access to whitefly larval hosts for purposes of determining 
the effect of chloramphenicol on the fecundity of the 
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parasite was constructed in the following manner 
A petri dish lined on its bottom surface with an 
approximately 3/8 inch layer of absorbant cotton was saturated 
with water* The excess water was poured off and three pieces 
of 9 cm. filter paper were fitted on top of the cotton so 
that they became saturated with water, yet the uppermost 
fw 
surface of the top piece of filter paper did not contain 
enough water to cause the parasites any difficulty in 
walking over its surface. 
Into the center of each experimental universe was placed 
an approximately 4.00 cm.^ piece of tomato leaflet, with its 
lower epidermis up, containing twenty-five fourth instar 
whitefly larvae which had never been exposed to Imcarsia, 
Each experimental universe was then assigned at random to a 
single parasite which had been processed and administered a 
given treatment. 
In this case, however, parasites were selected from 
feeding vials twenty-four hours after the initial twenty-four 
hour emergence period instead of seventy-two hours after the 
initial emergence period as was the case in the respiration, 
total nitrogen and uric acid studies. This alteration In 
procedure was necessary in order to minimize any possible 
resorption of eggs by the parasite, since prolonged absence 
of hosts could conceivably alter the oviposition potential of 
the parasite. 
Individual parasites were anesthetized and one parasite 
was placed on a leaflet square In each experimental universe. 
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!‘".e tOjj of each petri dish was closed off with lawn cloth 
and the lawn cloth secured with a rubber band. 
Each experimental univsrse containing twenty-five larval 
hosts to which one parasite between twenty-four and forty- 
* 4 . * 
eight hours old had been added comprised a single replicate 
per treatment. Thirty such replicates were utilized per 
treatment. 
The parasites wore allowed access to their hosts for 
purposes of oviposition for a period of twenty-four hours. 
The surrounding physical conditions which prevailed through¬ 
out the experiment were; air temperature, 20 ^ l^G.; 
relative humidity, 60-80 per cent* light, continuous and 
diffuse (ea. 50 foot candles). 
After the twenty-four hour oviposition period, the 
parasites were removed from the petri dishes and the number 
of eggs deposited in each host as v/ell as the magnitude of 
predation by Kncar si a determined. 
Predation by dncar sla in the form of feeding on the 
host’s body fluids at the site of puncture wo inds made by 
the parasite’s ovipositor is a portion of the parasite’s 
total oviposition behavior. Since this phenomenon went hand 
in hand with parasitization, it was reasoned that quantitative 
data regarding predation might be of value in interpreting 
the effect of chloramphenicol on the parasite’s oviposition 
potential. 
Due to the microscopic size of Encarsia eggs and the 
minute size of fourth instar larval hosts, difficulty arose 
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in accurately detecting E nears la eggs which had been deposited 
in the host's body, which is somewhat translucent. Burnett 
(1958b) dissected individual hosts in order to detect 
' nears la eggs; however, this amounts to a long and tedious 
tas’r, and since the number of replications planned per 
treatment were large, it was reasoned that this technique was 
not practical. 
The technique finally utilized was quite simple, highly 
reliable and rapid* Individual whitefly hosts were trans¬ 
ferred from the leaflet squares to a microscope slide. A 
droplet of water was pieced over the whitefly larva and a 
cover slip placed gently over the droplet containin'' the 
whitefly. The slide was transferred to the stage of a 
compound microscope, and with the aid of low-power magnifica¬ 
tion the area in question was observed while a slight pressure 
was exerted on the cover slip, which resulted in the rupturing 
of the host’s body. This rupture in turn liberated the 
internal contents of the whitefly larva and any Encarsia 
©ggB present became discernible. 
Owing to the extreme thinness of the parasite's egg as 
veil as the structure! Integrity of the chorion, it v?as found 
that while the whitefly was disintegrated, the parasite's 
e^g remained intact. Apparently the host tissues were 
absorbing whatever force that was transmitted by the pressure 
on the cover slip. Interestingly, it- was found that pressures 
great enough in some instances to crac* the cover slip had 
no rapturing effect on the parasite's egg, although they did 
tend to swell* 
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Ovlposttion dehavlor 
Parasites which ware actively engaged in searching for 
suitable hosts were observed to walk rapidly over the leaflet 
containing the hosts while tapping an area of leaflet in 
front of them with their antennae. Closer observation 
revealed that each antenna, alternately tapped the leaflet 
in rapid succession, ''hen a parasite aade initial contact 
with a potential host, always by means of antennal tappings, 
its rate of movement slowed down considerably. ihile still 
tapping the host with its antennae, the parasite took up a 
position on the leaflet at the end (anterior or posterior) 
of the host’s body and commenced to mount the host. While 
constantly using its antennae in the above manner, the 
parasite would then slowly traverse, the long axis of the 
V ■ V. 
host’s body. When the parasite reached the other end of the 
host’s body, it assumed one of two behavioral patterns. 
It would either return its antenna© to an srect position and 
make an abrupt turn while still standing on the host or it 
would proceed to walk directly off the host without raisin** 
its antenna© to an erect position. This point in the 
parasite’s oviposition behavior was extremely critical 
because if it made the abrupt turn while still standing on 
the host, the probability was great that it would attempt to 
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oviposit• If, on the other hand, the parasite walked off the 
i 
scale, then It was unlikely that that particular 3cale would 
be attacked by the parasite at that time# 
After the turn wa3 completed, the parasite once again 
traversed the long axis of the host’s body. Although the 
parasite continued to tap the host’s dorsum with its antennae, 
the rate of tapping slowed down considerably so that one was 
able to observe that the antennae tapped the host In a 
diagonal fashion frm one s5.de of the dorsum to the other. 
When the parasite reached the opposite end of the host’s 
body. It made a second and slower turn v/hile still standing 
on the host ard proceeded a short distance on the host’s 
body to a point where the parasite’s ovipositor was just 
over the first or second abdominal segment of the host. It 
is not known how the parasite always established this point 
of reference. T’ is second turn by the parasite was highly 
t' 
significant, because If the parasite made this second turn 
It would invariably attempt to oviposit. 
At the oviposition site, either the first or second 
abdominal segment of the host, Encarsia would then bend its 
abdomen downward from the base at an approximately sixty 
degree angle. In doing this, the distal region of its abdomen 
was brought into close conjunction with the host’s abdomen. 
At the same time, the ovipositor was unsheathed and the tip 
brought to bear on the first or second abdominal segment of 
the host. The tip of the ovipositor then probed the segment (s) 
with the aid of the ovipositor sheath which functioned to 
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support as well as guide the ovipositor* / slight opening in 
the host’s body wall was then triad© by the ovipositor in the 
-V 
region of the first or second abdominal segment of the host. 
As soon as the initial opening was made, the sheath v;as 
retracted back against the abdomen while the tip of the 
ovipositor remained in the opening* 
The ovipositor was then worked back and forth, in and 
out, and up and down with the aid of rocking movements by the 
parasite. During this tine, the parasite assumed a nearly 
vertical stance over the host. All of its feet, however, 
remained on the host. When the tip of the ovipositor completed 
U ie penetration of ft e host’s body wall, the ovipositor was 
inserted full length into the host’s body. At this tine, the 
parasite moved its abdomen up and down, which resulted in the 
ovipositor being raised and lowered in the host 13 body. At 
the same time, the ovipositor, which is somewhat .flexible, 
was bent within the host’s body. It is probable that this 
action may have resulted in a maceration of the host’s 
tissues. 
;\a time between the initial penetration by the ovipositor 
and its final retraction was usually three to four minutes. 
During this time, an egg was normally deposited. 
In a few Instances, the parasite, after having inserted 
l .'S --a- iposivor full-length into the host, would retract its 
ovipositor within thirty to ninety seconds&fter penetration. 
In th-is Cf! 36> would perform another examination of the 
host In the same manner as described above, but usually not 
4V 
as extensive as tbs original examination. This secondary 
examination usually consisted of a single traversing of the 
long axis of tbs hostfs body and then the parasite returned 
to the region of the first or second abdominal segment and 
commenced to insert the ovipositor into the host again, usually 
very close to the original point of insertion. The same 
method of penetration was employed by the parasite in making 
a new opening and in inserting the ovipositor. The function 
of this particular aspect of the parasite*s oviposit ion 
behavior is unknown. 
After oviposition occurred and the ovipositor was 
retracted, the parasite performed various maintenance 
activities which consisted of cleaning its legs or antennae. 
In some instances these activities took place while the 
parasite was still standing on the host. In any event, a 
short time after oviposition, the parasite left the host. 
* 
In many cases the parasite returned to the same host at a 
later time, but the same host was never observed to be 
attacked twice during the observation period. 
While studying the parasite*s oviposition behavior, it 
was observed that in several instances parasites, after 
having retracted their ovipositor, would coiranence to feed on 
the host*s body fluids at the site of the wound. This 
suspected predation appeared to consist of a sucking-up of 
host body fluids from the wound. The host exoskeleton, 
however, was not appreciably consumed except for perhaps snail 
portions of exoskeleton at the feeding site. Examination of 
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hosts which were observed to have been attacked revealed that 
after the parasite removed its ovipositor no loss of body 
fluids was discernible if the parasite did not feed at the 
wound. If, however, the parasite fed at the wound for any 
length of time, the dorsal portion of the host’s body collapsed 
within a short time and the host’s dorsum assumed a concave 
instead of a sli htly convex appearance as it normally does. 
This concavity was presumaoly due to a loss of host body 
fluids and was ascribed to the parasite’s feedln on the host, 
and not to an escape of body fluids simply due to a puncture 
of the body wa11. 
In the results presented below on the predatory 
activities of Hncarsia. a host larva which exhibited a dorsal 
concavity was considered as having been preyed upon. 
Predatory Studies 
During the twenty-four hour test period, in no instance 
did any of the controls show mortality. On the other hand, 
whitefly larvae which had been exposed to parasites for 
twenty-four hours revealed individuals which had been preyed 
upon. Table 2 gives the magnitude of predation by Encarsla 
/ 
on each host larval stage. This table also reveals that as 
toe number of parasites allowed access to larval hosts was 
increased trom live to ten, there was a net increase in the 
uotal number of whitefly larvae preyed upon. However, this 
increase was highly variable with regard to each host instar. 
Xn the case of fourth instar larvae, the increase in parasite 
density resulted in no increase in predation. Increases in 
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predation on the other three instars present were observed 
when the parasite density was increased* For purposes of 
predation, second, third and fourth instar larvae were 
preferred by the parasite to a greater extent than i irst 
ins tar larvae. However, when the parasite density was 
increased, the number of. first instar larvae preyed upon rose 
sharply. Xn ©very instance of host-feeding, death of the 
host occurred. 
Longevity Studies 
Adult Encarsla'-were able to remain alive and active at 
least nine days when admin is tered the basal medium formulated 
and presented as the sole source of nutriment. Individuals 
administered medium alone showed a mortality of 2*9 per cent 
after nine days. Ninety-nine per cent of all the ncarsia 
participating in the studies in which water alone was 
administered were dead on the fourth day after the tests 
began* In some cases, high mortalities occurred within 
twenty-four hours after the tests began. All individuals 
which were offered no medium or water (starve controls) were 
dead by the third day alter the tests began. Again, large 
mortalities were observed in some instances within twenty- 
four hours after the tests began (Table 2, Appendix), 
Oral administration of chloramphenicol incorporated into 
the oasal medium at rates of 0.005 and 5 mg./kg. of medium 
resulted in no appreciable mortalities after nine days when 
compared with the medium-alone controls. ’"hat negligible 
mortality that did occur was probaoly due in part to natural 
Table 2. Results of Studies on the '‘redatory Activity 
of Sncarsia on Whitefly Larvae. 
Replicate 
Encarsia 
introduced 
Encarsia 
alive after 
24 hours 
Larvae preyed 
instar 
12 3 
upon 
4 
1 5 5 - 1 2 2 
2 5 5 1 2 2 1 
3 5 4 mm 1 2 1 
4 5 5 - 1 1 3 
5 5 3 mm - 1 1 
Subtotal 25 22 1 5 8 8 
6 10 9 4 3 3 2 
7 10 9 - 1 2 1 
'i 
8 X 10 10 1 6 1 2 
9 10 9 2 4 3 1 
10 10 10 1 3 3 1 
Subtotal 50 47 8 17 12 7 
Total 75 69 9 22 20 15 
Total larvae 
present 960 960 960 960 
Larvae preyed 
upon (SO 0.9 2.3 2.1 1.6 
causes. When chloramphenicol v/as administered at rates oi 
2,500 and 10,000 mg./kg. of radium, increases in mortality 
over the r/iedium-alone controls of 6*6 and 11*4 per cent 
respectively we re observed after the nine-day test period 
(Figure 9; Table 2, Appendix). 
The mortality data derived from the water-alone as well 
as the starve controls provided irrefutable evidence that 
Bncarsia were feeding on the medium as well as the 
chloramphenicol-3upplemented solutions. 
The time of death in the case of individuals administered 
chloramphenicol was distributed rather evenly over the 
nine-day test period. 
Solubility problems were encountered in petting the 
highest concentration of chloramphenicol into solution and 
it is possible that some chloramphenicol was in suspension 
rather than in solution. This finding was taken into 
consideration when dosages to be administered in the remainder 
of these studies were decided upon. 
Respiratory Studies 
Taole 3 of the Appendix contains the individual data for 
the ten replicate determinations of average oxygen uptake per 
insect per hour at conditions of standard temperature and 
pressure as a function of chloramphenicol administered* 
Appropriate statistical analyses are also presented. 
Mean respiratory rates of the ten replicates per treat¬ 
ment are presented graphically, along with their standard 
errors, in Figure 10 of the text. 
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Under the experimental conditions employed, tho data 
indicate that there was a significant increase in the 
average respiratory rate of ambient En carsia only at the two 
higher concentrations of chloramphenicol employed (500 and 
1,000 mg./leg. of medium). These means in themselves arc 
undifferentiated. The average respiratory rates of Kncarsia 
administered 0 and 50 mg. of chloramphenicol are undifferen¬ 
tiated, but as stated above, are significantly lower than the 
respiratory rates of individuals administered the two 
higher concentrations. 
Total nitrogen Levels 
Data comprising fifteen determinations per treatment 
on the effect of chloramphenicol on total nitrogen levels 
when the drug was administered as described are presented 
in Table 4 of the Appendix. 
Average total nitrogen levels (p.g./iO ml.) computed 
from the above determinations are presented graphically in 
Figure 11. Appropriate statistical Information is also given. 
The mean total nitrogen levels of the TCA insoluble 
fractions oj. Encarsia administered chloramphenicol at rates 
O" ® L1&* r:a<^ 50 mg. per kg, of medium are almost identical 
and undifferentiated, but are approximately 20 per cent 
higher and significantly different (K0.05) from the average 
total nitrogen levels of grioarala administered chloramphenicol 
at rates of 500 and 1,000 mg. per kg. of medium. The mean 
total nitrogen levels of Encarsla administered the two higher 
concentrations of the drug are also undifferentiated among 
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themselves. 
Uric Acid 
The effect of chloramphenicol on uric acid production 
in Bn car s ia was determined by a modification of the ultra- 
micro method of Caraway (1955). 
Individual as well as average amounts of uric acid 
detected in 20 p.1* samples of four Encarsia homogenates 
analysed per treatment are presented in Table 5 of the 
Appendix. Each homogenate was analyzed in quadruplicate. 
Quadruplicate standards were also employed for every homo¬ 
genate analyzed. 
In Figure 12, the curve of the line is fitted to the 
average of the four average amounts 
detected in each series analyzed. A series consisted of four 
homogenates, each of which was derived from Encarsia receiving: 
the same treatment as described above. 
When chloramphenicol was administered at rates of 500 
and 1,000 mg./kg. of medium, there was a significant rise 
#-V- s 
in uric acid production as compared to parasites receiving 
50 mg. of chloramphenicol per kg. of medium. The 500 mg. 
treatment resulted in the highest average uric acid production 
of any treatment, whereas the 3,000 mg. treatment gave rise 
to slightly lower uric acid values. This difference, however, 
was not regarded as significant (P>0.05). 
Encarsia which were administered chloramphenicol at the 
rate of 50 mg./kg. of medium displayed an average uric acid 
production which was lower than that of Encarsia administered 
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no chloramphenicol. However, this difference was slight and 
not significant. In comparing uric acid production by 
Encarsia receiving 0 and 1,000 mg./kg. of medium it was 
found that the higher dosage gave rise to an increase in 
average uric acid production of 13.1 per cent. This difference 
was not quite sufficient to infer that these means were 
differentiated at the five per cent level of probability. 
When the average uric acid produced by the controls was 
compared with uric acid production in individuals administered 
chloramphenicol at the rate of 500 mg./kg. of medium, there 
was a 29 per cent increase in urate production in the case of 
individuals receiving treatment. This increase was significant 
at the five per cent level of probability. 
Fecundity Studies 
A summary of the results of thirty replicate determina¬ 
tions per treatment of the effect of chloramphenicol on the 
fecundity of Encarsia is presented in Table 6 of the Appendix. 
Data regarding the extent of predation, an accompanying 
feature associated with oviposition, are also presented. 
The number of eggs deposited by individual Encarsia 
within their larval hosts during a twenty-four hour test 
period was determined. The mean number of eggs deposited 
by the thirty Encarsia participating in each treatment group 
was computed from the total number of eggs deposited. These 
means with their standard errors are presented graphically 
in Figure lb. 
Figure 14 graphically depicts the total number of hosts 
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preyed, upon by all En car ala receiving a given treatment. 
Although there appears to be a trend toward a decrease 
in fecundity with a corresponding increase in chloramphenicol 
administered, statistical analysis of the data does not 
warrant the inference that such a decrease is significant at 
the five per cent level of probability. Indeed, the data 
revealed considerable variation in fecundity between 
individuals receiving the same treatment. 
Similarly, the predatory activity of bncarsia did not 
appear to be affected to any great extent oy chloramphenicol. 
Parasite eggs were never detected in hosts which had 
been preyed upon. 
In almost every case, only one egg was deposited per 
host; however, in a few instances two or sometimes three 
eg s were found in a single host. This phenomenon of super- 
parasitism (=hyperparasitism) was discussed by dumett (1958). 
The results of these experiments tend to negate Speyer’s 
earlier claim (1927) that Encarsia does not lay eggs in 
whitefly hosts which are on detached leaves. 
62 
DISCUSSION 
Host selection and opposition by Encarsia occurred 
only after a highly stereotyped sequence of behavioral 
patterns were performed by the parasite• Such stereotypic 
patterns of insect behavior and the search for homologies 
between instinctive activities of different species lias led 
many workers to compare the differences and similarities 
between behavioral patterns of taxonomic&lly related groups 
of insects (daeren&s, 1959). 
The highly stereotyped behavior exhibited by Encarsia 
while traversing the host’s oody suggests the possibility 
that this is an instinctive activity and according to 
3aerends is ’’only released (or initiated) by external 
stimuli but maintained and concluded by internal mechanisms 
independent of external stimulation.” This view seems to 
gain some support in the case of Encarsiaf s oviposition 
behavior since the parasite always traversed, to some extent, 
the host’s body prior to inserting the ovipositor, no matter 
how many times the ovipositor had been previously inserted 
in a given attack on a host. 
Although direct evidence was not obtained in this study, 
host selection by En cars la appeared to be dependent on at 
least two types of stimuli: (1) olfactory stimuli, which 
were probably of importance as preliminary stimuli in 
oviposition; (2) tactile stimuli, whereby contact with the 
host could conceivably be of importance in the final stages 
of oviposition (Evans, 1933). Since Encarsia made contact 
with a potential host by means of its tarsi and antennae, it 
is probable that these function as tactile and/or olfactory 
sense organs. Evidence that an organ can serve both as an 
olfactory and tactile sensory receptor has been provided by 
iinnieh (1926) in the case of rauscid fly tarsi. 
Predation in the form of feeding at the site of the 
puncture wound made by the ovipositor is not uncommon in 
parasitic Hymenoptera (Howard, 1910; Delach, 1943; Flanders, 
1953). However, this phenomenon has never been attributed 
t0 Encarala, although Burnett (1960) found that high densities 
of Encarsia were associated with high host mortalities. It 
is highly probable that at least part of this mortality can 
be ascribed to parasite feeding on host scales. 
The low percentage of predatory mortality inflicted by 
Encarsia on first instar host larvae could be explained on 
the basis of host size. First instar whitefly larvae, which 
are approximately 0.29 mm. in length, would tend to make it 
diificult for the parasite to mount the larva and perform its 
stereotyped oviposition behavior on such a minute host, let 
alone attempt to insert its ovipositor. In support of this 
view, Burnett (1949) observed that large, fourth instar larvae 
(0.V5 mm.) were utilized more frequently for purposes of 
parasitization than smaller second and third instar larvae. 
No data regarding the frequency of perasitization on first 
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inst&r larvae were presented. It should be noted, however, 
that when the parasite density \vas Increased experimentally 
while host density remained constant, the number of first 
instar larvae preyed upon per parasite rose sharply. This 
increase, however, could be due to a multiplicity of factors, 
one of which may be increased competition among parasites 
for food. 
The function of host-feeding by >arasitic Tfymenoptera 
has often been ascribed to the need for obtaining sufficient 
protein for ovigenesis (Doutt, 1959). Although this view 
is quite tenable, this view cannot be accepted without some 
reservation in the case of En cars la, since it is known that 
this parasite also feeds on plant and host lsrval honeydews 
(T illiron, 1940) which contain varying amounts of amino 
acids (Doutt, 1959). 
Adult Encarsla were also capable of feeding on a 
chemically-defined artificial medium presented as the sols 
source of nutriment. The parasites remained alive and active 
for at least nine days on this medium. 'Then chloramphenicol 
was incorporated Into this medium, the drug brought about 
changes in some aspects of the insect’s metabolism. However, 
these changes were in seme instances slight and subject to 
variation. For this reason, appropriate statistical procedures 
were utilized as aids in analyzing the majority of the data 
obtained. 
Then Encarsla were administered chloramphenicol in a range 
from 5 x 10~^ to 10,000 mg./kg* of medium, administration of 
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the drug did not give rise to high mortalities even at the 
highest concentration of the drug used. Sharada and Bhat 
(1956) found that concentrations of 350 iag./kg. of body 
weight and above caused the death of silkworms* They 
ascribed this mortality to the direct toxic effects exerted 
by the antibiotic on the insect itself rather than due to any 
substantial alteration of the type of flora of the intestines 
of fee silkworm# In the case of ! v carsla, it. is possible 
that the parasite has the ability to metabolize all or part 
of the ingested chloramphenicol to less toxic or non^toxic 
compounds. Shyamala and 3hnt (1959) reported no appreciable 
toxicity to fifth Instar silkworm larvae when fed with known 
chloramphenicol degradation products (Smith and Vorrel, 
1955) such as para-nitrobenzaldehyde, para-suninobenzaIdehyde, 
pa ra ~amln obsn zoic acid and ethane lamina. 
Studies on the effect of chloramphenicol on Kncarsla 
respiration Indicate that at the two higher concentrations of 
chloramphenicol administered (500 and 1,000 mg./kg. of medium), 
there was a significant incresse In oxygen uptake over the 0 
and 50 tag. treatments. Goldberg (1959) has suggested that 
when a minute amount of an antinetabolite Is presented to the 
cell, the resulting action may slightly but effectively reduce 
the quantity of functioning enzyme to such a low level that 
the enzyme-preducing mechanism of the cell is accelerated. 
The resulting net effect may therefore be the presence of more 
functioning enzyme in the system after the antimetabolite is 
added than before and a consequent acceleration of metabolic 
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reactions involved, if the enzyme was the limiting factor. 
At the present state of our knowledge, it would be unwise 
to maintain that an increase in the amount of oxidizing 
enzymes present was the cause for the increased oxygen uptake 
observed in these studies. Such increases in oxygen 
consumption have often, been incorrectly interpreted in this 
manner, as Wiggles worth ^1959) points out. The possibility 
also exists tbP.t an increased oxygen upta ce by Kncarsia. could 
be the result of an internal antagonism on the pert of the 
drug which could result in an increase in the parasite’s 
activity. 
Nitrogen analyses of trichloroacetic acid precipitates 
of Bncarsia homogenates revealed that at the two highest 
concentrations of chloramphenicol administered, there was a 
decrease in average total nitrogen levels as compared to 
average total nitrogen levels of comparable homogenates 
prepared from parasites administered chloramphenicol at 
rates of 0 and 50 mg./leg. of medium. The average total 
nitrogen levels of these F;noarsla were not differentiated 
statistically among themselves, but were significantly higher 
than those of Individuals administered 500 and 1000 mg. of 
chloramphenicol per kg. of medium respectively. 
In interpreting these data it should be remembered that 
some of the variation encountered in these studies on total 
nitrogen levels must be ascribed to differences in larval 
nutrition. However, sound statistical evidence has been 
provided to support the claim that the effects observed were 
due to more than differences in larval nutrition. 
07 
In view of the decrease in total nitrogen levels of 
Bncarsla accompanying an increase in oxygen uptake, the 
following hypotheses regarding a possible mode of action of 
chloramphenicol on Encarsia are presented: (1) a decrease in 
protein synthesis; (2) an increase in proteolysis* 
These results suggest that chloramphenicol nay act as 
an uncoupling agent of oxidative phosphorylation. fader such 
circumstances oxidative activity* could proceed at a normal 
or accelerated rate ■srhils phosphorylation is inhibited* In 
this regard it should be noted that the aromatic portion of 
the chloramphenicol molecule resembles the classical inhibitor 
of oxidative phosphorylation, 2,4-dinitrophenol, which is 
believed to accelerate the hydrolysis of AT? and of 'fanergy- 
richn bonds in substances involved in the transfer of energy 
from oxidation to phosphorylation (Loomis and Lipmann, 1949; 
Cooper and LehnInger, 1957), 
OH 
ej&oraingneni col o # 4-dinitrovlienol 
Such an uncoupling could conceivably result in an 
inhibition of protein synthesis, although this inhibition 
ee 
of oxidative phosphorylation could not be demonstrated in 
certain bacteria when treated with chloramphenicol. (See 
Keview.) 
The second hypothesis holds that chloramphenicol or its 
depredation products may act as what Florey '1949} called 
"protoplast tic poisons." The resulting death of cells could 
then give rise to an increase in pH of the cells* contents, 
which in turn might favor the action of such intracellular 
enzymes as cathepsins (F rut on and Simonds, 1953). 
Since it was reasoned that it would he extremely diffi¬ 
cult to investigate the credibility of the first hypothesis 
by determining the effect of chloramphenicol on the P/0 ratio 
>f a cell-freo, particulate fraction derived from Fnaarnla 
homogenates, it was decided to obtain Information regarding 
nitrogen catabolism (primarily protein and purine) by studies 
on uric acid production in hncara la when administered 
chloraaphenico1 • 
These results, although somewhat variable, tend to 
support the view that an increase In nitrogen catabolism might 
account tap the negative nitrogen equilibrium encountered in 
incars la administered the two higher concentrations of 
chloramphenicol. 
Fecundity studies, however, revealed no significant 
.2 Hi e ran cos in the number of eggs laid during a twenty-four 
hour test period, although there appeared to be a trend 
toward a decrease in fecundity when the two higher dosages of 
chloramphenicol were administered. Thus it seems that although 
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nitrogen metabolism ims adversely affected by the two hl#er 
levels of chloramphenicol, the parasite retained a great 
ability to produce and lay eggs. 
Viith regard to nitrogen equilibrium and fecundity, the 
findings reported here are not in accord with comparable 
studies on the silkworm (Shyamala et al., 1950} Worthy and 
Sreenivaaaya, 1953; SSurtfcy at al., 1554). flnce these 
investigators In most instances failed to analyze the growth 
data statistically, it is Impossible to separate, with any 
certainty, real from apparent differences in the effect ox 
chloranphen ico 1 on growth. In the siIkwor.n • 
Perhaps the so rndesfc generality that can oe made at the 
present state of our knowledge regarding the effects of anti¬ 
biotics on insects Is that when an t mioties adiinx u@redt 
variations in insect response uo the antibiotics are o :> served. 
IndouDtediy differences in experlae ratal technique as veil as 
levels of chloramphenicoX aliuinisterea account ior a large 
measure of this variation; however, this variation may be 
partially due to a species specificity of antibiotic -action 
wherein such phenomena as longevity, growtny iecnne.ity and 
nitrogen mtabolisja in insects my be affected in different 
ways depending upon trie insect (s) and smtxoiotic(s) studied# 
The influence of chloramphenicol on idle microflora of 
hncarsia was not investigated in this work. 
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wrz\atst 
The oviposit!an behavior of Hnears:u- forims^ laban, a 
para si to id of the gre n house rhitef ly, Triaiour ::-s yaporariorum 
(Westwood) was investigated with the view that Information 
obtained from these investigations would not only add to 
existing knowledge regarding the parasitefs biology, but also 
aid in planning and carrying out studies regarding ‘die effect 
of chloramphenicol (Chlororoycetln) on tils parasite. 
Findings concerning the parasite?s oviposition behavior 
and the significance of host-feeding by Hr,carsla a/e discussed 
in some detail. 
' r 
Some in vlvo effects of chloramphenicol when administered 
orally to adult, female Fn ears la in a chemically defined, 
artificial medium wore Investigated. These investigations 
were carried out in order to explore the possibility that 
drugs, such as chloramphenicol, might favorably enhance the 
aetabolism of a typical entomophagous Hymen op ter on, and in 
tum increase the efficiency of the parasite as an agent in 
the biological control of its natural enemy. The basis for 
such a possible ho rues is in insects has been established in 
the case of the silkworm, ionbyx mori L., whose metabolism 
appears to be enhanced by supplementation of its feed with 
sub-toxic levels of chloramphenicol. (Lee Review,) 
Specific areas of investigation on the effects of 
VI 
chloramphenicol on this parasite included the detenination 
of the drug’s effect on longevity as well as its effect 
on the overall oxidative activity of the parasite as 
determined by means of differential microrespirometry. 
Microchemical methods of analysis were also employed to 
determine the drug’s effect on some broad aspects of the 
parasite’s nitrogen metabolism. The influence of 
chloramphenicol on the parasite’s fecundity and predatory 
activities was also investigated. 
Hypotheses regarding the possible mechanism(s) of action 
of chloramphenicol are presented on the basis of results 
obtained in these investigationsp as well as the information 
obtained from the review of existing literature regarding 
this problem. 
\ 
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CONCLUSIONS 
The oviposition behavior of Encarsia was stereotypic 
and ritualistic. Completion of the ritualistic sequence 
or, in some instances, repeating a portion of the sequence 
after initial insertion of the ovipositor was found to be 
a prerequisite for insertion of the ovipositor. Tactile, 
as well as olfactory, stimuli appeared to be primary 
factors involved in host selection oy the parasite. 
Investigations on the oviposition behavior of Encarsia 
revealed that the parasite is also a predator and feeds on 
host body fluids at the site of the puncture wound made 
by the ovipositor. All host larval stages were observed to 
be preyed upon, although first larval instars were preyed 
upon to a lesser extent than were second, third or fourth 
larval instars. Loss of host body fluids with a corres¬ 
ponding collapse of the hostfs dorsum were the observable 
effects of predation by Encarsia. 
Encarsia subjected to starvation exhibited hirh 
mortalities within forty-eight hours after being placed on 
such a regimen. Mortality increased with time until 100 per 
cent mortality occurred at about seventy-two to ninety-six 
hours after the beginning of 3uch studies. Encarsia. 
administered a chemically defined, artificial medium alone, 
fed on the medium and were able to remain alive and active 
for at least nine days after the tests began. She slight 
mortality encountered was ascribed, at least in part, to 
other causes. 
When the medium was supplemented with a wide dosage 
range of chloramphenicol, mortality due to the direct or 
indirect action of the drug at the lower concentrations 
was negligible with respect to the untreated controls. At 
the two highest concentrations of chloramphenicol administered 
(2,500 and 10,000 mg./leg. medium), the drug gave rise to 
slightly hioh®** mortalities of 9»5 and 14.3 per cent 
respectively. Thus the parasite appeared to v/ithstand 
massive oral dosages of the drug without giving rise to 
high mortality rates. 
When chloramphenicol was administered at rates of 500 
and 1,000 rag. Ag* of medium, the average respiratory rate of 
ambient Encarsia increased 22 and 23 per cent respectively. 
i- -vm 
These iptreases over corresponding controls were significant. 
Administration of a lower concentration of the drug (50 
mg./kg* medium) did not result in a significant rise in 
respiratory rate. 
The two higher concentrations of chloramphenicol gave 
rise to a marked decrease in the total nitrogen content of 
trichloroacetic acid-insoluble fractions of Encarsia 
homogenates prepared from individuals receiving these treat¬ 
ments. The decrease in total nitrogen was approximately 
20 per cent. Ho significant change in total nitrogen 
occurred, however, when Encarsia was administered 50 mg. of 
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l 
chloramphenicol per kg, of medium. 
Chloramphenicol gave rise to an increased uric acid 
production in Sncarsia administered 500 mg,/kr. of medium, 
A similar but not as pronounced effect occurred when 1,000 
fflg.Ag. were ingested. Ingestion of 50 rag./kg. of medium 
resulted in a slight decrease in uric acid production; 
however, this decrease in urate production over the controls 
was not significant. 
Chloramphenicol had no appreciable effect on the 
fecundity or predatory activities of the parasite. However, 
a slight trend toward a decrease In fecundity with an 
increase in the amount of chloramphenicol administered was 
observed, hack of significant differences was attributed to 
large variations in fecundity within treatment roups as 
compared to the variation encountered between treatments. 
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APPENDIX 
In those data analyzed statistically, a one-way 
classification of analysis of variance was utilized through¬ 
out in partitioning a total sum of squares Into the two 
components associated with sources of variation (Snedecor, 
195V). 
Vi hen F values were found significant, comparisons of 
means were made employing Tukey1 s w-prooedure (Steel and 
Torrie, 1960) which is also called the "honestly significant 
difference" procedure (hsd). These hsd va3.ues {P«0.05) are 
given in the accompanying tables. The means of all data 
analyzed statistically are provided with their standard 
errors. 
In ell calculations (excluding statistical analyses) 
the general rule of retaining one doubtful value as the 
last significant figure has been adopted. 
Table 1* Calibration of Mlcrorespirometer. 
Weight Determinations 
All weight determinations were made with a ’let tier Grama tic 
balance with a sensitivity to 0.01 mg. The weight of the 
ln. capillary to a reference point was determined 
wibn tho aid of a tared crucible. 
Tares (gna») 
Reaction Vessel Compensation Vessel Crucible 
3.00942 
3.00940 
3.00939 
3.00944 
3.00945 
2.96613 
2.96616 
2.96615 
2.96516 
2.96621 
30.15815 
30.15821 
30.15829 
30.15837 
3,00942 m raear^ 2,96616 52 mean 30,15826 * mean 
Reaction Vessel 
Tare s f Mercurv {p™ * _ ) 
Compensation Vessel Or u c ib lfi 
10.79695 
10.79699 
10. 79700 
10.79700 
10. 79700 
10.11029 
10.11026 
10.11024 
10.11025 
10.11024 
30.52170 
30.52138 
30.52220 
30.52218 
30.52231 
10,79699 * mean 10,11026 * mean 30,52205 s mean 
' ' "S 
leight of Mercury (sms.) 
r 4- * -* A O L> 
Reaction Vessel Compensation Vessel Capillary to Ref. 
7.78757 7.14410 0.36579 
Table 1. Confd) 
Volume Determinations 
Reaction Vessel Compensation Vessel 
...... . —w— ■ w—n——*■ ■ i—mumii wwhkmIWp ■ mi ■■*■■■■■ iwwl— ——* 
Capillary to 
Ref. Point 
574.90 mm.5 527.40 mm.5 26.86 mm, 
The equation of Cunningham and Kirk (1940) was used to 
calculate changes in the amount of gas in the micror©spirometer: 
Vc""1 
Vc-Ad 
AV?o = nM 
where s 
n 
A 
z the change in gas volume at the 
initial pressure PQ which is the 
barometric pressure at the time 
the respirometer is closed. 
— the ratio of the total volume of 
the two vessels to the volume of 
the compensation vessel. 
- the effective cross-sectional area 
of the capillary (actual area minus 
0.4$ to correct for the film of 
kerosene which coats the wall of a 
0.5 mm. diameter capillary). 
= displacement of the index droplet, 
= the volume of gas in the compensation 
vessel and capillary up to the 
index droplet. 
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Table 1, (Contra) 
Upon finding that Ad was negligibly small with respect to 
Vcf the equation was reduced to: 
Av?0 = ^ 
Correction for the vapor pressure of the alkali-containing 
solution in the center wells was not deemed necessary. 
Calculations 
Avp0 snW 
Vcomp. Vrx. 
xr2- Vcompe 
527.40 574.90 
527.40 
(3.1416 x 0.252 - 0A% ) 
= (2.09) (0.19635-7.85 X 10“4) a 
= (2.09) (0.19556) a 
Avp0 = 0.409 a 
a 
Conversion ofAVpo to standard conditions of temperature and 
pleasure uas carried out in the customary manner usin^ the 
lav;s of Charles and Gay-Lussac. 
I 
Table 2. The Effect of Ci&oreiaphenico! on the Longevity 
of Eaoarsla. 
Cone. chi. 
(mg. As* 
medium) lop. 1 
Ifricareia dead o,fter day 
3 4 5 6 7 8 9 o 
Number 
iSacaraia 
Per ceni 
dead 
1 n • 1 1 1 1 1 9 
2 — — — ~ «* — mo — — 6 ’ 
3 - - ~ — 1 1 2 2 2 28 
0,005 4 - - - - - 1 1 1 i 30 
5 - - - 1 1 1 0 (m# 2 2 AA •T I 
6 1 1 1 1 1 1 1 1 1 15 
7 — 1 1 1 1 1 1 1 1 10 
Sum =8 3um*l42 5.6 
1 1 1 1 1 1 1 1 1 1 14 
2 - 
- - - 1 1 1 n 1 22 
3 10 
5 4 - 1 1 1 1 2 2 2 4 33 
5. 
6 
- **• 33 
mm 
— — 
mm 
- - - 1 15 
7 1 1 1 1 1 1 1 10 
:>um=8 3um=137 5.8 
1 2 2 2 2 2 2 0 Go 2 2 19 2 1 1 1 1 1 i 2 3 *% 25 
2,500 
3 
4 
<xm 
2 2 2 2 3 
■» 
a 3 4 
1 
4 
28 
35 5 1 1 1 1 2 O Cm 3 3 3 31 6 1 2 2 2 2 2 2 2 0 10 
7 mm ^ 1 1 1 I 1 1 1 1 20 
>um~16 un=lCh 
1 mm 1 1 0 3 3 3 4 5 21 2 
3 
3 
1 
4 
1 
4 
1 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
4 
12 
r>o i—^ 
10,000 4 *• ** «*«» - 1 1 1 1 23 
r 5 — 1 1 1 1 1 1 1 25 6 
— 
- 1 1 1 1 1 1 2 13 7 mm 1 1 1 1 1 10 
3um=18 3umail26 14.3 
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Medium 
alone 
Wat cr 
alone 
Table 2, (Conttd) 
Rep, 
2 
3 
4 
5 
6 
7 
Shears!a dead after day 
123456789 
111111112 
---111122 
Humber 
Sneers!a 
18 
14 
15 
29 
32 
14 
15 
3ura®4 Sum *137 
1 
2 
3 
4 
5 
- 13 16 18 
9 14 17 31 
11 13 24 
1 9 15 25 26 
4 17 32 
all dead 
tt 
tt 
ft 
tt 
tt 
tt 
18 
31 
24 
26 
32 
Per cent 
dead 
.9 
1 
2 
9 18 
4 18 
21 all f» dead tt 21 18 
24 
39 
35 
J.UU.U 
Ho water 3 11 24 tt tt 
or med. 4 3 20 39 tt tt 
5 17 29 35 h tt 
100.0 
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Table 3. The Effect of Chloramphenicol on Oxygen Uptake in 
Ambient Encarsia. 
Concentration of Chloramphenicol (mg./kg . Medium) 
0 50 500 1000 
V3Tp/lns./Hr. V3Tp/lnS./Hr. 
VSTp/Ins*/Hr* 
Vgijjp/lns. / Rr. 
Rep* (min.3) (mm.3) (mm.3) (ram.3) 
1 0.117 0.138 0.151 0.150 
2 .110 .139 .129 .142 
3 .105 .124 .147 .138 
4 .109 .112 .137 .123 
5 .107 .107 .127 .136 
6 .118 .112 .137 .123 
7 .100 .115 .122 .133 
8 .110 .125 .113 .150 
9 .114 .120 .140 .150 
10 0.116 0.130 0.153 0.151 
mean*0.1106 means0.1222 mean®0.1362 ieans0.142G 
s.e.=*0.0017 s. e.**0.0033 s * e.=±0.0039 s.e•*±0.0028 
Analysis of Variance 
Source of 
Variation 
Degrees 
Freedom 
Sum of 
Squares 
Mean 
Square F hsd 
Among treatments 3 5.994 1. 998 19.2*5-* 0.0123 
Within treatments 36 3.744 0. 104 
Total 39 9.738 
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Table 4. The Effect of Chloramphenicol on Encarsia Total 
Nitrogen Levels* 
Concentration, of Chloramphen 1 col 1^7kfu liedlu?ri) ' 
0 50 500 1000 
<D 
-P 
Cti 
C 
CD 
t*o 
o 
e 
o 
S/TCA inaol 
fraction 
(ug./lOml.) 
"li/TGA insol"* 
fraction 
(ug./lOml.) 
1T7TCA inaol. 
fraction 
(ug./lOml.) 
K/TCA insol. 
fraction 
(ug./lOml.) 
1 42.9 41.4 
2 ol. 4 37.2 
3 33.7 36.6 
4 41.1 43.0 
5 40.0 27.8 
6 33.4 24.9 
7 42.4 44.7 
8 47.0 36.9 
9 37.5 29.1 
10 32.9 29.6 
11 24.5 34.2 
12 56.9 43.7 13 , 31.0 40.7 
14 36.8 33.8 15 37.9 37.2 
24.7 
26.0 
29.6 
35.0 
31.3 
34.2 
31.3 
32.6 
16.3* 
33.2 
36.6 
26.9 
31.5 
29.1 
32.1 
32.7 
36.7 
28.2 
27.6 
28.4 
29.4 
27.3 
28.4 
28.0 
32.9 
32.3 
30.8 
33. 4 
30.8 
30.1 
mean■36.60 
s.e.»i 1.42 
mean*36.05 
s.e* sil.53 
mean *31.01 
s.e.*£o*88 
mean *30.47 
s.e.*20.67 
*Tiiis value was discarded since its deviatio 
Huge"Error.tlB®3 the avera«e deviation and 1 
from the mean 
regarded as 
Source of 
Variation 
Among treatments 
Within treatments 
Total 
Degrees Sum of !>?aan 
i1 r e e dom S cjuar e s S quar e 
3 
55 
58 
hsd 
466.63 155.54 6.90** 4.59 
1238.93 22.53 
1705.56 
39 
Table 5. The iff feet of Chloramphenicol on Uric Acid 
I’roduction in Encarsia. 
<1 
' y _*» t ' ft ' 
Uric Acid (ug./20ul*)* 
Homogenate 
Cone* chi. 
(mg./k:g. 
medium) 
s.e. 
1 2 3 4 Total Mean (X 10“^) 
0 0.65 0.76 0.63 0.63 2.65 0.66 *2. 82 
50 0.60 0.69 0.59 0.60 2.48 0.62 is. 03 
500 0.91 0*85 0.92 0.75 3.41 0.85 t3. 44 
1000 0.8 V 0.72 0.78 0.73 3.10 0.78 ^2. 98 
^Average of four 
4. • ' : - ’ i 
determinations per homogenate. 
Analy sis of Variance 
Source of Degrees Sum of Mean 
Variation Freedom Squares Square F hsd 
Among treatments 3 0.1346 0.04488 10.3** 0.14 
Within treatments 12 0.0522 0.00435 
Total 15 0.1369 
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Table 6. The Effect of Chlorampheni col on the Fecundity of 
Date on the Predatory Activity of 'haca'^aic 
is Also Provided. ‘ -"—“ 
concentration of Chloramphenicol (mg. /kg. Medium) 
0 50 500 xooo 
Eggs 
Hep. laid 
Hosts 
preyod 
upon 
Hosts 
Eggs preyed 
laid upon 
Hosts 
Eggs preyed 
laid upon 
Hosts 
Eggs preyed 
laid upon 
X 13 1 
2 8 2 
3 14 2 
4 15 1 
5 13 2 
6 18 1 
7 11 1 
8 14 1 
9 13 2 
10 14 2 
11 13 2 
12 10 2 
13 8 2 
14 15 2 
15 15 1 
16 14 1 
17 13 1 
18 16 2 
19 16 1 
20 13 2 
21 8 1 
22 12 2 
23 10 2 
24 9 1 
25 10 1 
26 13 1 
27 16 1 
28 15 1 
29 14 2 
30 18 1 
10 1 
15 — 
15 1 
12 1 
11 1 
16 2 
13 2 
9 2 
15 1 
15 2 
15 1 
9 1 
15 2 
10 1 
8 2 
10 2 
9 2 
8 2 
13 1 
13 1 
16 1 
10 1 
14 2 
9 1 
13 2 
17 1 
13 2 
9 1 
11 mm 
15 1 
18 1 13 
9 2 8 1 
14 1 12 1 
11 1 11 
14 1 11 1 
9 1 13 1 
14 - 7 1 
11 2 8 2 
9 1 0 1 
12 1 12 1 
12 1 11 2 
9 — 14 1 
14 1 9 I 
11 1 16 1 
7 2 11 1 
13 1 10 2 
12 1 18 1 
18 1 15 2 
13 2 14 1 
15 1 11 1 
13 1 12 1 8 1 10 1 Q 2 14 1 
15 1 12 2 
15 2 15 2 14 0 15 2 8 2 9 2 14 2 9 2 
12 2 9 2 11 3 0 2 
Total 391 44 
Mean 13.0 1.5 
s.e. +0.50 
368 40 364 4o 
12. a 1*3 12.1 i#y 
±0.50 +0.51 
340 
11.4 
+ 0.47 
4l 
1.4 
91 
Table 6. (Contfd) 
Analysis of Variance -Fecundity Data 
Source of 
Variation 
Degrees 
Freedom 
Sum of 
Squares 
Mean 
Square F 
Among treatments 5 40.5 13.4 1.78 
Within treatments 116 875.5 7.5 
Total 119 915.8 
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